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Abstract

Background There is little literature that focuses on eating behaviors, oral health care knowledge and oral hygiene
habits at the same time. People’s oral health is affected by a variety of factors. This study investigated the eating
behaviors, oral health care knowledge, and oral hygiene practices among residents of Fujian province, China, with dif-
ferent gender, age, and educational attainment.

Methods A self-administered questionnaire was designed and distributed through the online questionnaire plat-
form, Questionnaire Star. After excluding unqualified responses (due to excessively short completion time, conflicting
answers, etc.), an Excel database was constructed. Frequency counts (composition ratio) were used to characterize
data distribution, and the chi-square test was used to compare self-reported oral health, eating behaviors, oral health
care knowledge, and oral hygiene practices across different age, gender, and educational attainment of respondents.
Data were analyzed using IBM SPSS (version 26.0), and differences were considered statistically significant at £ < 0.05.

Results A total of 10,480 individuals completed the online questionnaire, with 8,254 questionnaires deemed
valid, yielding a validity rate of 78.76%. Significant differences were observed in various aspects of eating behaviors
among respondents of different age, gender, and educational attainment (P<0.001), except for the consumption
of fruit juice and hard foods. There was a significant difference in self-reported oral health status among respond-
ents by age and education (P<0.001), while the difference by gender was not significant (P=0.303). The respond-
ents displayed inadequate oral health care knowledge, with significant disparities among respondents of different
age, gender, and educational attainment (P < 0.05). There were also significant differences in oral hygiene practices
among respondents of different age, gender, and educational attainment (P < 0.05).

Conclusions Eating behaviors, oral health care knowledge and oral hygiene practices of Fujian residents were related
to age, gender and education attainment. Educational attainment was an important factor influencing the eating
behaviors, oral health knowledge and oral hygiene practices of the population. Local residents'knowledge of oral
health care was generally insufficient.
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Background

Oral health has a profound impact on individual’s oral
function and social interactions, with repercussions
extending to overall health and quality of life [1]. Despite
the advances in dental care, inadequate oral health con-
tinues to be significant global concern, affecting both
individuals and developing nations, with an estimated of
3.9 billion people worldwide suffering from various oral
diseases [2, 3]. Recognizing gravity of the situation, the
World Health Organization (WHO) has identified oral
health as one of the most prevalent and serious public
health problems [4].

People’s oral health is influenced by many factors, such
as educational attainment [5], oral health care knowledge
[6], socioeconomic status [7], cultural backgrounds [8],
socio-demographic characteristics [9], and oral hygiene
behaviors [10]. Eating behaviors are closely related to oral
health [11]. Eating disorders affect oral health [12], and
eating behaviors are associated with tooth caries occur-
rence [13]. Charak N et al. found that there was a positive
correlation between problematic eating behaviors and
early children caries [14]. Oral hygiene knowledge and
oral hygiene practices influence oral health in different
ways [6, 15]. Oral health care knowledge and good oral
hygiene habits are vital to maintaining good health ena-
ble individuals to take steps to protect their health [16].
Poor oral hygiene can lead to the development of dental
caries and periodontitis, and is also associated with heart
disease, cancer, and diabetes [17].

In recent years, China’s rapid socioeconomic devel-
opment and the enhanced living standards of its popu-
lace have led to profound shifts in dietary habits. These
changes have consequently brought about new dynam-
ics in the realm of oral health [18, 19]. Fujian province,
located on the southeastern coast of Chinese mainland,
boasts a land area of 124,000 square kilometers and a
population of 41.88 million. As of 2022, Fujian prov-
ince recorded a Gross Domestic Products (GDP) of
5,310.985 billion Chinese Yuan (CNY), with a per cap-
ita GDP of 126,829 CNY. Fujian province’s economic
profile reflects its significant development and pro-
gress, ranking fourth among the 31 provinces in main-
land China. Such development has likely contributed to
shifts in oral health literacy and oral health behaviors,
which are often influenced by socio-demographic fac-
tors. Currently, there is a scarcity of literature focusing
on the eating behaviors, oral health care knowledge and
oral hygiene practices of residents in Fujian province,
China. Consequently, there is a critical need to assess
the current levels of oral health knowledge and prac-
tices in order to inform policymakers and guide the
development of targeted programs aimed at prevent-
ing prevalent oral diseases and enhancing oral health of
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the population [20]. Therefore, the aim of present study
was to investigate the eating behaviors, oral health care
knowledge, and oral hygiene practices of residents in
Fujian province, China, across different age, gender,
and educational attainment.

Methods

Study design

A cross-sectional survey was conducted among residents
in Fujian province, China. The study adhered to the Dec-
laration of Helsinki, and the study protocol was reviewed
and approved by the Ethics Review Committee of School
and Hospital of Stomatology, Fujian Medical University
(No. 2023050).

Instrument

The study employed a self-administered questionnaire
that drew inspiration from several surveys addressing
similar themes [21, 22].

Following the establishment of the survey, a pilot study
was conducted to assess its comprehensibility and gauge
response rates among potential respondents. The prelim-
inary survey involved 30 individuals and aimed to ensure
that the questionnaire was easy to understand. Respond-
ents were able to complete the questionnaire within 3 to
10 min. Three questions were identified in previous vali-
dation phase that were overly specialized and challenging
for non-dental professionals to comprehend and respond
to. Subsequently, these questions were removed follow-
ing deliberation. The test was then repeated with a sam-
ple size of 30. The Cronbach’s in the present study was
0.81, showing that it had good internal consistency.

This study aimed to understand the self-reported oral
health, eating behaviors, oral health care knowledge,
and oral hygiene practices of residents in Fujian prov-
ince, China, and the relationships among them. Thus, the
formal questionnaire (refer to supplementary material)
consisted of four sections with 25 questions, all of which
were single-choice, as shown in Fig. 1. The first section
(Part I) collected demographic information about the
participants, including details such as age, gender, edu-
cational attainment, and self-reported oral health. The
second section (Part II) consisted of 7 questions which
focused on respondents’ eating behaviors. The third sec-
tion (Part III) consisted of 4 questions aimed at assessing
respondents’ oral health care knowledge. The last section
(Part IV) consisted of 10 questions related to oral hygiene
practices. The questionnaire was revised and validated by
a panel of five dental professionals who possessed exten-
sive clinical and teaching experience. The questionnaire
was presented in Chinese.
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10 questions
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Oral
hygiene

behavior

7 questions

Fig. 1 Structure of self-administered questionnaire

Informed consent

The preamble of the questionnaire included informed
consent information, assured participants that the data
collected would be used exclusively for scientific research
purposes, and emphasized confidentiality. Prior to engag-
ing in the questionnaire, participants were provided with
instructions. Importantly, participants were informed of
their right to discontinue or withdraw from the survey
at any point during its completion, but at the same time
they were encouraged to complete the survey.

Data analysis

Data collection and analysis were carried out from May
to August 2023. Excel was used to construct the data-
base, frequency counts (constitutive ratios) were used to
characterize the distribution of data, and the chi-square
test was used to compare differences in self-reported oral
health, eating behaviors, oral health care knowledge, and
oral hygiene practices among the respondents of different
age, gender, and educational attainment. Data were ana-
lyzed using IBM SPSS (version 26.0) and differences were
considered statistically significant at P<0.05.

Meanwhile, multivariate ordered logistic regression
was used to explore the association of demographic fac-
tors, eating behaviors, and oral hygiene practices with
self-reported oral health (an ordinal dependent variable,
which was divided into good, fair, and poor).

Oral health
care
knowledge

practices

4 questions

Results

A total of 10,480 residents completed the questionnaire.
The collected questionnaires underwent a rigorous
validity assessment. If the questionnaire was completed
too quickly (less than 2 min, which was significantly
less than the average response time for pre-test), it may
not have been read carefully and was therefore invalid.
As well as those containing contradictory responses,
such as respondents indicating they never ate hard food
but also stating they occasionally ate super hard food,
were excluded from the analysis. The presence of con-
tradictory answers indicated that the respondents did
not answer carefully and truthfully. Each respondent’s
answers were double-checked and questionnaires with
contradictory answers were excluded. Finally, a total of
8,254 questionnaires were deemed valid, with a validity
rate of 78.76%.

Descriptive statistics

Out of the 8,254 valid questionnaires, a total of 3,100
(37.56%) belonged to male respondents, while 5,154
(62.44%) were submitted by female respondents. The
majority of respondents were between the ages of
18-45. Additionally, an impressive 6,397 (77.50%) of
the respondents reported having attained a university
(5959, 72.20%) or postgraduate (438, 5.31%) education
(Table 1).
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Table 1 Characteristics of the respondents

Characteristics No %
Age
<18 195 236
18-45 5807 70.35
>45 2252 27.28
Gender
Male 3,100 37.56
Female 5,154 6244

Educational attainment

High school or below 1,857 2249
College 5,959 72.20
Postgraduate 438 531

Self-reported oral health

The self-reported oral health of the respondents was
summarized in Table 2. Most of the respondents consid-
ered their oral health to be fair (3998, 48.44%) or poor
(3210, 38.89%). There were significant differences in self-
reported oral health based on age and educational attain-
ment (P<0.001). However, there were no significant
differences in self-reported oral health based on gender
(P=0.303).

Eating behaviors

The eating behaviors of respondents were shown in
Table 3. Citrus fruits were commonly consumed by local
residents. Majority of the respondents preferred to either
never or occasionally consume juice or alcohol. Tea was
the most commonly consumed beverage among the
respondents. Most respondents reported occasionally or
often consuming hard and super-hard foods. 45.52% of
the respondents never used their teeth to bite crab shells
or open beer caps, but there were a relatively large num-
ber of respondents who reported occasionally (45.46%)
or often (8.50%) using their teeth for such purposes.
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Interestingly, a very small percentage (0.52%) admitted
to using their teeth to bite crab shells or open beer caps
every day.

For different age groups, there were significant differ-
ences in all aspects of eating behaviors among respond-
ents (P<0.001). There were significant differences
between male and female in many aspects of their eating
behaviors, with the exception of drinking fruit juice and
eating hard foods. Notably, a higher percentage of male
reported eating both hard and super-hard foods every day
compared to female (P<0.001). There were also significant
differences in various aspects of eating behaviors among
people with different educational attainments (P<0.001).

Oral health care knowledge

The oral health care knowledge of the respondents
was shown in Table 4. Internet was the primary chan-
nel through which respondents gained oral health care
knowledge. A whopping 67.83% of respondents com-
pletely (1523, 18.45%) or partially (4076, 49.38%) agreed
that professional teeth cleaning (PTC) may be harmful
to oral health. Pit and fissure sealing (PFS) was poorly
known, and only 3.05% of respondents were completely
aware of oral health criteria. There were significant dif-
ferences in oral health care knowledge among respond-
ents of different age, gender, and educational attainment
(P<0.05).

Oral hygiene practices

The oral hygiene practices of the respondents were
shown in Table 5. Manual toothbrush was the primary
choice (82.32%) among the respondents. Most respond-
ents (68.10%) brushing teeth twice a day, and respondents
brushed their teeth mainly for 1-3 min, with 47.21% for
1-2 min and 35.45% for 2—3 min. Respondents tended
to change their toothbrush irregularly. Toothpicks were
the most commonly used oral hygiene care tool among
respondents, while there was a notable percentage of

Table 2 Differences in self-reported oral health among respondents of different age, gender, and educational attainment

Categories Good n (%) Fair n (%) Poor n (%) )(2 P
Age <18 35(17.95) 105(53.85) 55(28.21) 19.62 0.001
18-45 755(13.00) 2829(48.72) 2223(38.28)
>45 256(11.37) 1064(47.25) 932(41.39)
Gender Male 413(13.32) 1476(47.61) 1211(39.06) 239 0.303
Female 633(12.28) 2522(48.93) 1999(38.79)
Educational attain- High school or below 280(15.08) 959(51.64) 618(33.28) 36.69 <0.001
ment College 718(12.05) 2837(47.61) 2404(40.34)
Postgraduate 48(10.96) 202(46.12) 188(42.92)
Total 1046(12.67) 3998(48.44) 3210(38.89)
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Table 3 Differences in eating behavior among respondents by gender, age, and educational attainment

Frequency of eating citrus fruits Frequency of drinking fruit juice
Never Occasionally,  Often, but Always, 1Tor  Never Occasionally,  Often, but Always, 1 or
less than 2 less than 1 more times less than 2 less than 1 more times
times per week time perday perday times per week time perday perday
Gender Male n (%) 33(1.06) 1353 (43.65) 1383 (44.61) 331(10.68) 182 (5.87) 2155 (69.52) 659 (21.26) 104 (3.35)
Femalen (%) 40(0.78) 2128 (41.29) 2329 (45.19) 657 (12.75) 322 (6.25) 3506 (68.02) 1158 (22.47) 168 (3.26)
X2 11.44 242
P 0.01 049
Age <18 years 4(2.05) 76 (38.97) 82 (42.05) 33(16.92) 12(6.15) 110 (56.41) 57(29.23) 16 (8.21)
n (%)
18-45 years 37(0.64) 2449 (42.17) 2703 (46.55) 618 (10.64) 266 (4.58) 3792 (65.30) 1536 (26.45) 213 (3.67)
n (%)
>45 years 32(142) 956 (42.45) 927 (41.16) 337 (14.96) 226 (10.04) 1759 (78.11) 224(9.95) 43(1.91)
n (%)
X2 55.12 35755
P <0.001 <0.001
Educational HS or B n (%) 33(1.78) 1021 (54.98) 551(29.67) 252(13.57) 167 (8.99) 1378 (74.21) 234 (12.60) 78 (4.20)
Attainment Cn (%) 39(0.65) 2335(39.18) 2914 (4890) 671 (11.26) 320(537) 4011 (67.31) 1446 (2427)  182(3.05)
P n (%) 1(0.23) 125 (28.54) 247 (56.39) 65 (14.84) 17 (3.88) 272 (62.10) 137 (31.28) 12 (2.74)
X2 2659 15846
P <0.001 <0.001
Total n (%) 73(0.88) 3481 (42.17) 3712 (44.97) 988 (11.97) 504 (6.11) 5661 (68.58) 1817 (22.01) 272 (3.30)
Frequency of drinking tea Frequency of drinking alcohol
Never Occasionally, Often, Always, 1 Never Occasionally, Often, Always, 1
less than 2 butlessthan 1 or more less than 2 but lessthan 1 or more
times per week  time per day times per day times per week  time per day times per day
Gender Male n (%) 57(1.84) 795 (25.65) 686 (22.13) 1562 (50.39) 364 (11.74) 1624 (52.39) 953 (30.74) 159 (5.13)
Femalen (%) 353 (6.85) 2409 (46.74) 1091 (21.17) 1301 (25.24) 1280 (24.84) 3339 (64.78) 493 (9.57) 42(0.81)
X2 67341 859.54
P <0001 <0001
Age <18 years 23(11.79) 87 (44.62) 34 (17.44) 51(26.15) 119 (61.03) 60 (30.77) 15 (7.69) 1(0.51)
n (%)
18-45 years 343 (5.91) 2505 (43.14) 1352 (23.28) 1607 (27.67) 1232 (21.22) 3540 (60.96) 913 (15.72) 122 (2.10)
n (%)
>45 years 44 (1.95) 612(27.18) 391 (17.36) 1205 (53.51) 293(13.01) 1363 (60.52) 518 (23.00) 78 (3.46)
n (%)
X2 52242 32847
p <0.001 <0.001
Educational HS or B n (%) 123 (6.62) 731 (39.36) 279 (15.02) 724 (38.99) 481 (25.90) 1088 (58.59) 214 (11.52) 74 (3.98)
Attainment Cn (%) 279 (4.68) 2336 (39.20) 1374(2306)  1970(3306) 1107 (1858) 3608 (60.55) 1123(1885)  121(203)
P n (%) 8(1.83) 137 (31.28) 124 (28.31) 169 (38.58) 56 (12.79) 267 (60.96) 109 6(1.37)
(24.89)
X2 954 13292
P <0.001 <0.001
Total 410 (4.97) 3204 (38.82) 1777 (21.53) 2863 (34.69) 1644 (19.92) 4963 (60.13) 1446 (17.52) 201 (2.44)
n (%)
Frequency of eating hard foods Frequency of eating super-hard foods
Never Occasionally, Often, Always, 1 Never Occasionally, Often, Always, 1
less than 2 but lessthan 1 or more less than 2 but less than 1 or more
times per week  time perday  times per day times per week  time perday  times per day
Gender Male n (%) 51(1.65) 1780 (57.42) 1151 (37.13) 118 (3.81) 178 (5.74) 2398 (77.35) 498 (16.06) 26 (0.84)
Female n (%) 118(2.29) 2932 (56.89) 1890 (36.67) 214 (4.15) 227 (4.40) 3820 (74.12) 1044 (20.26) 63(1.22)
X2 471 306

P 0.195 <0.001




Zheng et al. BMC Oral Health (2025) 25:446 Page 6 of 16
Table 3 (continued)
Frequency of eating citrus fruits Frequency of drinking fruit juice
Never Occasionally,  Often, but Always, 1Tor  Never Occasionally,  Often, but Always, 1 or
less than 2 less than 1 more times less than 2 less than 1 more times
times per week timeperday perday times per week time perday perday
Age <18 years 12 (6.15) 119 (61.03) 56 (28.72) 8(4.10) 24(12.31) 125 (64.10) 43 (22.05) 3(1.54)
n (%)
18-45 years 128 (2.20) 3359 (57.84) 2110 (36.34) 210(3.62) 214 (3.69) 4300 (74.05) 1224 (21.08) 69 (1.19)
n (%)
>45 years 29(1.29) 1234 (54.80) 875 (38.85) 114 (5.06) 167 (7.42) 1793 (79.62) 275(12.21) 17 (0.75)
n (%)
X2 411 151.06
P <0.001 <0.001
Educational HS or B n (%) 46 (2.48) 1302 (70.11) 442 (23.80) 67 (3.61) 153 (8.24) 1474 (79.38) 213(11.47) 17 (0.92)
Attainment Cn (%) 119 (2.00) 3229 (54.19) 2375(39.86) 236 (3.96) 229 (3.84) 4440 (74.51) 1224(2054) 66 (1.11)
P n (%) 4(091) 181 (41.32) 224 (51.14) 29 (6.62) 23(5.25) 304 (69.41) 105 (23.97) 6(1.37)
X2 22045 13261
P <0.001 <0.001
Total n (%) 169 (2.05) 4712 (57.09) 3041 (36.84) 332(4.02) 405 (4.91) 6218 (75.33) 1542 (18.68) 89 (1.08)
Frequency of using teeth to bite crab shells or open beer caps
Never Occasionally, Often, Always, 1
less than 2 but less than 1 or more
times per week  time perday  times per day
Gender Male n (%) 1186 (38.26) 1645 (53.06) 248 (8.00) 21(0.68)
Female n (%) 2571 (49.88) 2107 (40.88) 454 (8.81) 22(043)
X2 124,51
P <0.001
Age <18 years 110 (56.41) 67 (34.36) 17 (8.72) 1(0.51)
n (%)
18-45 years 2459 (42.35) 2718 (46.81) 594 (10.23) 36 (0.62)
n (%)
>45 years 1188 (52.75) 967 (42.94) 91 (4.04) 6(0.27)
n (%)
X2 131.53
P <0.001
Educational HS or B n (%) 993 (53.47) 774 (41.68) 81 (4.36) 9(048)
Attainment ¢ (gp) 2621(4398) 2748 (46.12) 558 (9.36) 32(0.54)
P n (%) 143 (32.65) 230(52.51) 63 (14.38) 2(0.46)
X2 116.59
P <0.001
Total n (%) 3757 (45.52) 3752 (45.46) 702 (8.50) 43(0.52)

individuals who had never used dental floss and oral irri-
gator. A total of 82.64% (73.78% often and 8.86% always)
of the respondents experienced gingival bleeding during
tooth brushing. A very small percentage of (9.44%) the
respondents routinely visited dental facilities for PTC.
There were significant differences in the oral hygiene
practices of the respondents in terms of age, gender, and
educational attainments (P<0.05), with the exception of
PTC among individuals of different gender (P=0.118).

Multivariate ordered logistic regression
Multivariate ordered logistic regression demonstrated
that age, educational attainment, oral health practice

score, frequency of eating hard foods were negative asso-
ciated with self-reported oral health, while frequency of
drinking tea showed a positive association (Table 6).

Discussion

Oral health is very important and there is a relatively large
body of literature examining oral health status, oral health
care knowledge and oral hygiene practices. However,
few articles have examined eating behaviors, oral health
knowledge, and oral hygiene practices simultaneously.
This study attempted to simultaneously explore the eat-
ing behaviors, oral health care knowledge and oral hygiene
practices of residents in Fujian province, China, with
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Table 4 Differences in oral health care knowledge among respondents by gender, age, and educational attainment

The most important source of oral health care

Do you agree with “professional tooth cleaning would

knowledge damage the teeth”?
Internet Dentist Television, Completely Disagree Agree Completely
newspapers disagree agree
and others
Gender Male n (%) 2165 (69.84) 411(13.26) 524 (16.90) 102 (3.29) 811(26.16) 1519 (49.00) 668 (21.55)
Female n (%) 3790 (73.54) 706 (13.70)  658(12.77) 188 (3.65) 1554 (30.15) 2557 (49.61) 855 (16.59)
X2 27.07 3741
P <0.001 <0.001
Age <18yearsn (%) 115(58.97) 32(1641) 48 (24.62) 17 (8.72) 50 (25.64) 98 (50.26) 30(15.38)
18-45 years 4550 (78.35) 701 (1207)  556(9.57) 221 (3.81) 1730(29.79) 2843 (48.96) 1013 (17.44)
n (%)
>45vyearsn (%) 1290 (57.28) 384 (17.05  578(25.67) 52(2.31) 585(25.98) 1135 (5040) 480 (21.31)
x2 44382 49,52
P <0.001 <0.001
Educational HS or B n (%) 992 (53.42) 432 (23.26)  433(23.32) 64 (3.45) 486 (26.17) 916 (49.33) 391 (21.06)
Attainment Cn (%) 4627 (77.65) 628 (10.54) 704 (11.81) 198 (332) 1722 (2890) 2967 (49.79) 1072 (17.99)
P n (%) 336 (76.71) 57 (13.01) 45(10.27) 28 (6.39) 157 (35.84) 193 (44.06) 60 (13.70)
X2 422.12 38.58
P <0.001 <0.001
Total n (%) 5955 (72.15) 1117 (13.53) 1182(14.32) 290 (3.51) 2365 (28.65) 4076 (49.38) 1523 (1845)
Do you know about dental pit and fissure sealing? Do you know the criteria for oral health?
Not at all Yes Yes, and myself ~ Notatall Partially Completely
orafam-
ily member
or friend has had
pit and fissure
sealing
Gender Male n (%) 1866 (60.19) 812 (26.19) 422 (13.61) 1752 (56.51) 1265 (40.81) 83 (2.68)
Female n (%) 2272 (44.08) 1866 (36.20) 1016 (19.71) 2102 (40.78) 2883 (55.94) 169 (3.28)
X2 201.36 236.56
P <0.001 <0.001
Age <18yearsn (%) 112(57.44) 51(26.15) 32 (1641) 75 (38.46) 104 (53.33) 16 (8.21)
18-45 years 2713 (46.72) 1967 (33.87) 1127 (19.41) 2698 (46.46) 2910 (50.11) 199 (3.43)
n (%)
>45vyearsn (%) 1313 (58.30) 660(29.31)  279(12.39) 1081 (48.00) 1134 (50.36) 37 (1.64)
X2 10442 4348
P <0.001 <0.001
Educational HS or B n (%) 1109 (59.72) 544(29.29) 204 (10.99) 810 (43.62) 980 (52.77) 67 (3.61)
Attainment Cn (%) 2887 (48.45) 1982 (33.26) 1090 (18.29) 2824 (47.39) 2966 (49.77) 169 (2.84)
Pn (%) 142 (32.42) 152 (34.70) 144 (32.88) 220 (50.23) 202 (46.12) 16 (3.65)
X2 179.22 19.76
P <0.001 0.003
Total n (%) 4138 (50.13) 2678 (3244) 1438(17.42) 3854 (46.69) 4148 (50.25) 252 (3.05)

particular attention to potential differences among popula-
tions of different age, gender, and educational attainment.

Self-report oral health

Oral diseases remain a significant public health concern,
affecting a substantial portion of the population and con-
tributing to the global burden of oral health problems

[23]. The results of this study showed that only 12.67% of
the respondents considered their oral health to be good,
while 87.33% rated their oral health as fair or poor. These
findings were consistent with previous study conducted
in China [24]. This data suggests that the overall oral
health level among residents in Fujian province is still
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Table 6 Multivariate ordered logistic regression of the association of demographic factors, eating behaviors, and oral hygiene

practices with self-reported oral health

Variables OR SE Wald x2 95% Cl of OR
Age (years)

<18 ref

18-45 1.21 0.18 1.64 0.200 0.91-1.61

>45 1.54 0.23 8.01 0.005 1.14-2.07
Gender

Female ref

Male 087 0.04 7.62 0.006 0.79-0.96
Educational attainment

High school or below ref

College 1.37 0.07 33.87 <0.001 1.23-1.53

Postgraduate 1.73 0.18 26.63 <0.001 141-2.13
Oral health practice score 0.91 0.01 132.02 <0.001 0.90-0.93
Frequency of eating citrus fruits 0.99 0.03 0.05 0.821 0.93-1.06
Frequency of drinking fruit juice 0.98 0.04 0.28 0.599 0.90-1.06
Frequency of drinking tea 0.95 0.02 4.28 0.038 0.91-1.00
Frequency of alcohol use 0.96 0.03 1.56 0.210 0.90-1.02
Frequency of eating hard foods 1.10 0.04 576 0016 1.02-1.19
Frequency of eating super-hard foods 0.96 0.05 0.62 0428 0.87-1.06
Frequency of using teeth to bite crab shells 1.03 0.04 0.64 0421 0.96-1.10

or open beer caps

Abbreviations: OR Odds ratio, SE Standard error, 95% Cl 95% Confidence interval

unsatisfactory, highlighting a great demand for improved
oral healthcare services in Fujian province, China.

Su et al. examined the differences in oral health and
oral health behaviors among 4741 men and women in
the United States and found gender differences (P<0.05),
with men reporting poorer oral health, poorer oral
hygiene practices, and fewer dental visits [25]. How-
ever, in present study, there was no significant difference
(P=0.303) in self-reported oral health of the respondents
across different gender. This may be due to the fact that
self-reported oral health was more subjective, and the
United States and China have different cultural and soci-
etal norms regarding oral health and healthcare-seeking
behaviors. Furthermore, self-reported oral health was
used solely as a reference assessment indicator in present
study, not as a clinical measure, and this study used it pri-
marily to understand residents’ self-rated oral health.

In this study, there was a significant difference in self-
reported oral health among respondents with different
educational attainments. Interestingly, the lower educa-
tion level was associated with better self-reported oral
health. This may be due to the fact that individuals with
lower levels of education may have less knowledge about
oral health care. This could lead to a potential lack of
awareness regarding oral health problems, resulting in
better self-reported oral health. This is corroborated by

the fact that the less educated the respondents were, the
less they knew about PTC and PFS of the oral health care
knowledge (Table 4). This finding was consistent with
the conclusion that less educated adults were more likely
to lack preventive dental care, as reported by Gordon
NP et al. [26]. Therefore, it is important to focus on oral
health education for people with low levels of education.

Eating behaviors

A very small percentage (73, 0.88%) of the respondents
indicated that they never eat citrus fruits, while majority
of the respondents reported eating citrus fruits occasion-
ally (3481, 42.17%) or often (3712, 44.97%) or daily (988,
11.97%). The abundance of locally grown fruits likely con-
tributes to the widespread consumption of citrus fruits
in the region. This dietary habit may be deeply rooted
in local culture and traditions, making it a common and
habitual practice among residents of Fujian province.
The results showed that there were significantly fewer
respondents who consumed fruit juice than those who
consumed citrus fruits. This indicated that the Fujian res-
idents prefer fresh fruits. However, studies have shown
that frequent consumption of citrus fruits was associ-
ated with non-carious cervical lesions, such as erosion
[27]. Frequent consumption of citrus fruits may lead to
an increased incidence of dental erosion [28]. Fruit juice
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have also been shown to have an erosive effect on teeth
for a long time [29]. Therefore, local residents in Fujian
province should be advised to reduce the amount and
frequency of citrus fruit intake for the sake of oral health.

Tea is a specialty of Fujian province, and the local resi-
dents accustomed to drinking tea. The results showed
that a very small percentage (only 4.97%) of the respond-
ents never drank tea. The percentage of tea drinkers
increased with age (P<0.001), the percentage of males
who drank tea was significantly higher than that of
females (P<0.001), and the higher the educational attain-
ment, the more they drank tea (P<0.001). Tea is effective
in reducing acid production in plaque and Streptococ-
cus Mutans, reducing the incidence of caries [30]. Nanri
H et al. found that green tea consumption was positively
associated with oral health-related quality of life, regard-
less of gender, after studying the oral health of 7,514
(3563 males, 3951 females) Japanese who consumed
green tea and coffee [31]. The residents should therefore
be further encouraged to consume tea for oral health.

Most of the young respondents never drank alcohol,
but there was still one young respondent who drank every
day. Although only 2.44% of the respondents drank alco-
hol every day, most of the respondents still drank alcohol
occasionally (4963, 60.13%) or often (1446, 17.52%), while
the proportion of males who drank alcohol was much
higher than that of females (P<0.001), which indicated
that alcohol was a favorite beverage of the residents in
Fujian province. Alcohol consumption is strongly associ-
ated with oral health [32]. Alcohol consumption may lead
to changes in the micro environment of the oral cavity,
resulting in an imbalance of oral flora, which can lead
to periodontitis and gum disease [33, 34]. Therefore, for
the sake of oral health, Fujian residents should control
their alcohol intake. An interesting phenomenon is that
there was a significant difference in the amount of alco-
hol consumed by respondents with different educational
attainment (P<0.001). Those with the highest levels of
education had the lowest proportion of never drinkers
and the lowest proportion of daily drinkers. This may
be due to the fact that people with high education have
higher incomes [35]. Higher incomes provide the neces-
sary financial prerequisites for drinking, while the highly
educated are more aware of the bad effects of alcohol on
the body. That was why highly educated people reduce
the frequency of alcohol consumption.

Although teeth are the hardest tissues in the body, eat-
ing hard foods could cause tooth abrasion [36]. Yu et al.
studied teeth wear in 1806 residents of Shanghai, China,
and found that regular consumption of hard foods was
positively associated with tooth wear regardless of age
[37]. This study confirmed that Chinese people prefer
hard foods again, most of them eat hard or super-hard
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foods often, very few of them never eat hard (2.05%) or
super-hard foods (4.91%), 4.02% of the respondents ate
hard foods every day, and 1.08% ate super-hard foods
every day. And even 0.52% used their teeth to bite the
shell of a crab or the beer caps every day. Tooth enamel
is a brittle material that can easily chip under high loads,
and the chipping is caused when large, hard objects
forcefully touch the biting edges of the teeth [38]. Local
residents should therefore be advised not to use their
teeth to bite too hard foods, such as prohibiting the use
of teeth to open beer caps or bite crab shells.

Oral health care knowledge

With the rapid development and popularization of
Internet technology, the Internet has become the main
channel for people to acquire knowledge. The present
study revealed that irrespective of age, gender, educa-
tional attainment, the oral health care knowledge of the
respondents was mainly obtained from the Internet. Sur-
prisingly, the role of dentists in oral health education is
minimal. Oral health care knowledge is known to be a
prerequisite for health-related activities [39]. Lack of oral
health care knowledge has emerged as a possible under-
lying mechanism for poor oral health [40]. Increased
knowledge of oral health care is associated with improved
oral health-related quality of life [6]. In the future, Chi-
nese dentists should strengthen the application of Inter-
net to publicize proper oral health care knowledge in
order to promote the improvement of oral health care.
However, at present, the ratio of dentists to the popula-
tion in China is low, and dentists have to undertake heavy
clinical treatment tasks and are unable to take up the
full role of oral health education. Sriarj W et al. traced
a comparative study of the effectiveness of dentists and
professionally trained teachers in educating students in
oral health education and found that the students who
received oral health education by either a dentist or
trained teacher demonstrated improved knowledge and
attitudes toward oral health [41]. Therefore, oral health
education for teachers can be strengthened in order to
enhance students’ oral health knowledge through trained
teachers.

According to the latest oral health survey in China,
gingival bleeding and calculus affected more than 60%
of the adolescent population [42]. Calculus is an impor-
tant cause of periodontal disease and other oral diseases,
only by brushing and other self oral health care measures
can not completely clear the calculus, so regular PTC in
dental clinic is necessary and beneficial to oral health.
However, the results showed that as many as 18.45% of
the respondents completely believed that PTC was harm-
ful to oral health. Wang Q et al. surveyed 456 Chinese
people and found that 21.69% of non-medical personnel
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believed that PTC was harmful to teeth, so PTC is not
well understood by Chinese people [43]. Yang R et al.
[44] reported that only 11.8% of the students in Chinese
mainland had PTC in dental clinic, which was consist-
ent with the findings of this study where only 9.44% of
the respondents visited dental clinic once a year for PTC.
Therefore, the dissemination of knowledge about PTC
should be strengthened so that residents can fully real-
ize the importance and necessity of PTC. This study also
found that higher levels of education were associated
with higher rates of PTC (P<0.001), again demonstrating
a positive correlation between educational attainment
and oral health.

A large number of studies have shown that PEFS can
effectively prevent dental caries [45, 46]. This study found
that a whopping 50.13% of respondents were unaware of
PES and only 3.05% of the respondents were fully aware
of the oral health criteria.

All these findings indicate that the respondents’ knowl-
edge of oral health care was poor and oral health promo-
tion and education must be strengthened in the future
(47, 48].

Oral hygiene practices

Electric toothbrush is more effective than manual tooth-
brush in removing plaque [49]. But only 17.68% of
respondents use electric toothbrush in present study.
This could be due to the higher price of electric tooth-
brush as well as the lack of knowledge among the masses
about electric toothbrush.

Toothbrushes are usually stored in bathrooms with
high levels of contamination because of the high level
of environmental contamination in bathrooms, mainly
caused by aerosol-dispersed enteric bacteria. In addi-
tion, contaminated toothbrushes are likely to play an
important role in many oral and systemic diseases,
leading to sepsis as well as gastrointestinal, cardiovas-
cular, respiratory and renal system diseases [50]. There-
fore, the toothbrush should be replaced in time. 52.51%
of the respondents replaced their toothbrushes within
3 months or less, which shows that the respondents were
fully aware of the importance of replacement of tooth-
brush timely. Women replace their toothbrushes in a
shorter period of time than men, which was consistent
with previous studies that have concluded that men have
poorer oral hygiene practices [25]. Increasing brushing
time to a consensus minimum of 2 min improve plaque
removal, resulting in significant clinical benefits for oral
health [51]. 75.78% of present respondents brush their
teeth twice or three times a day, and 54.37% of the brush-
ing time was less than 2 min. This suggested that most
respondents brush their teeth enough times, but not long
enough each time. After studying the brushing habits of
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4,500 Chinese adults, Liu et al. found that the frequency
of brushing was inversely related to education and
income [52]. The present study also found that frequency
and lasting time of tooth brushing increased with the
level of education. Thus, oral hygiene practices are closely
related to educational attainment.

Toothpicks are widely used in China and are found
on restaurant tables everywhere. However, studies sug-
gest that individuals who frequently use toothpicks may
have a higher likelihood of developing periodontal dis-
ease compared to those who do not [53]. 61.74% of pre-
sent respondents used toothpicks often and 16.65% use
toothpicks every day. Meanwhile, younger, female, and
highly educated respondents used toothpicks at a lower
rate than older, male, and less educated respondents
(P<0.001). Dental floss is recommended as opposed to
toothpicks because it effectively cleans the adjacent sur-
faces of the teeth without damaging gums and other peri-
odontal tissues [54]. But 37.59% of present respondents
never use dental floss and only 19.12% use dental floss
daily. Flossing should be strongly promoted and used
among the local population and they should be advised
to stop using toothpicks.

Designed to help clean mouth, oral irrigator has been
proven to be a safe and effective tool for improving and
maintaining oral health [55]. In present study, as many
as 84.59% of the respondents had never used oral irriga-
tor and only 4.03% of the respondents used oral irrigator
daily, which indicates a serious lack of awareness of oral
irrigator among the respondents. Higher education level
was associated with higher awareness and utilization of
oral irrigator, which was consistent with the finding that
less educated adults are more likely to lack preventive
dental care [26].

Mouthwash is a liquid aqueous solution that is primar-
ily used to prevent, alleviate and treat oral diseases and
maintain oral health [56]. Mouthwash can be used as
an adjunct to mechanical tooth cleaning procedures, as
they remove almost all residual plaque and are easy to
use. In this study, 59.26% of the respondents never used
mouthwash and 9.62% of the respondents reported using
mouthwash every day, indicating that mouthwash is not
widely used among Fujian residents.

Yang R et al. reported that 46.9% of Chinese students
suffered from gingival bleeding when brushing their
teeth [44], while as many as 82.64% of the respondents in
this study reported occasional or frequent suffered from
gingival bleeding when brushing their teeth. Gingival
bleeding is one of the earliest signs of gingival inflamma-
tion. This indicates that the oral health of Fujian residents
is low and needs to be further strengthened.

In order to control for potential confounders and to
gain a comprehensive and systematic understanding of
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the potential relationship between dietary habits and
oral health of the local population, multivariate ordered
logistic regression analyses were conducted. The results
showed that age, educational attainment, oral hygiene
practice score, and frequency of eating hard foods were
negatively associated with self-reported oral health, while
the frequency of tea consumption was positively associ-
ated. Therefore, as mentioned earlier, the dietary habits
of the population are closely related to oral health and
need to be emphasized.

Limitation
Although this study obtained a larger sample, the online
survey and the inability to obtain data from some of the
non-applicable online personnel was a shortcoming of
this study. In addition, this large-sample cross-sectional
study only evaluate differences in oral health status and
oral hygiene practices across demographic characteris-
tics, but failed to control for the potential confounders.
Third, the number of respondents in this study was
large and complex, involving a variety of gender, age,
and educational factors, and including a range of self-
reported oral health status, eating behaviors, oral health
knowledge, and oral hygiene practices. Although this
study have analyzed and assessed the situation, a more
in-depth multilevel analysis is far from adequate.

Conclusion

Within the limitation of present study, the observations
revealed that eating behaviors, oral health care knowl-
edge and oral hygiene practices of Fujian residents were
related to age, gender and education attainment. Educa-
tional attainment was an important factor influencing the
eating behaviors, oral health knowledge and oral hygiene
practices of the population. Local residents’ knowledge of
oral health care is generally insufficient.
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